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Abstract

In this study, we could be detected the content of sugar
contained in the Korean coffee drinks by using three kinds of
portable (including pen-typed) refractometers. The purpose of
this work is investigated the reactivity of three kinds of
refractometers to coffee drinks and to get a calibration curve
from comparison with expected values and measured values.

From these results, we found that these refractometers were
useful for measuring the sugar content in Korean coffee product
and were useful for adopting as a STEAM material. And the
expected values recalculated from TDS content has a good
correlation with the measured values.

Keywords: Pen-typed refractometers, Sugar, Carbohydrate,
TDS, STEAM Program

INTRODUCTION

In recent, beverage drinks became a wide range of products
launched by a popularity and a variety of coffee shops have
been arising in Korea. The positive effect and negative effect
of coffee to a human body has been studied by many
researchers [1-6]. In recent, the problem of child obesity and
dental care due to increased tooth decay have been focused in
one of the social issues [7-15]. So, a lot of research about the
negative impact on the health of children has been published
[16-21].

It is being said that school’s teachers are responsible for the
health of elementary school students in school. However, to
measure the sugar content in the drinks and the concentration
of sugar contained in the meals provided by the school, or in
the markets around the school, it was requiring more time and
expensive equipment [18, 19, 20].

However, in recent years, there is a portable refractometers
development at domestic and abroad, is being released at an
affordable price [22]. These refractometers have shown a lot of
developmental functions like as an easy measure and a high
reproducibility. Educational program development using such
portable refractometers may be applied as part of the training
STEAM epidemic in recent years [23, 24]. In particular, it is
expected that students can also achieve pedagogical effect by
confirming the sugar contained in the beverage directly of
themselves.

In this study, using refractometers released in Japan, we tried
to measure the sugar content of the coffee product in the
country. In previous studies, we could be measured the sugar

content in the coffee using three different types of
refractometers [23].

In this study, we performed measuring the sugar content of the
coffee product by using different refractometers. And then, we
get a calibration curve from measured value by using
refractometers and we confirmed the sugar content in the
unknown coffee by using the calibration curve.

EXPERIMENT METHOD
Experiment Equipment

The refractometer utilized in this experiment are three types
(including pen-type) as listed below. The brief features of each
equipment are as follows [22].

PAL-S: The measurement range is Brix 0.0-93.0% and the
resolution is Brix 0.1%. This equipment has measurement
mode (Mode S) which prevents uneven measurement result in
accordance with sample condition, which shows less errors that
the previous method.

PEN-1st: Asapen-type, the measurement range is Brix 0.0-
85.0%. The refractive index is Brix 0.1% and the
accuracy is Brix+0.5%.

PEN-J:  Asapen-type, the measurement range is Brix 0.0-
85.0%. The resolution is Brix 0.1% and the

accuracy is Brix+0.2%.

How to use the portable saccharimeters

1. Use micro pipette to collect 300 microliters from
sample and drop on prism in the measurement
equipment.

2. Push start button.

Read Brix value.

4. Repeat step 2 and 3 for 5 times.

w

How to Use the Pen-shaped saccharimeters

1. Put 75ml of sample in triangular flask (100ml) and
stick the pen-shape equipment from top and fix it.
2. Push start button.

Read Brix value.

4. Repeat step 2 and step 3 for 5 times.
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RESULT AND DISCUSSION
A. Experimental example

The ingredients and contents of sample A, the espresso cream
coffee (drink type: dairy drink, volume: 240ml) used in this
experiment were described in <Table 1>.

Table 1: Ingredients and contents indicated on label of sample

mL| Caffeine| carbohycirate | Sugar| Protein| Fat] Satu. fat| Trans-fat| Cholesterol | Salt
(mg) © © 0 0 0| @ (mg) |(mg)

20 70 23 21| 35 |40 30 | 00 150 |20

Measurement result

The expected values of sugar content in sample A were used by
recalculating the total amount of sugar or carbohydrate or
dissolved solid(TDS) by each standard(X-axis). The expected
value of sugar content obtained by converting the sugar content
labeled on surface of coffee products (can or bottle) was 8.8.
And the expected value of sugar content obtained by converting
the carbohydrate content labeled on surface of coffee products
(can or bottle) was 9.6. And the expected value of sugar content
obtained by converting the TDS content labeled on surface of
coffee products (can or bottle) was 12.8.

The measured values obtained by using three portable
refractometers in this experiment were provided in <Table 2>.
<Table 2> showed that the measured values were all lower than
the expected values for three refractometers (measurement
value: 12.36~12.64). In case of PEN-J refractometer, it was
shown 0.44 point lower than the expected value (12.8).

Table 2: Measured value of sugar content by using three
different type of refractometers to sample A

1st 2nd 3rd 4th 5th Ave.

PAL-S | 12.50 | 12.40 | 12.50 | 12.50 | 12.60 | 12.50

PEN_1%t | 12,50 | 12.60 | 12.70 | 12.70 | 12.70 | 12.64

PEN-J | 12.40 | 12.30 | 12.40 | 12.40 | 12.30 | 12.36

Correlation coefficient of measured values

In <Table 3>, the correlation of the values measured by three
different kind of refractometer could be evaluated using
statistics program with SPSS 18. According to the statistics
analysis, there was a significant result among the measurement
devices. Even if there were slight differences between three
measured values, but they shared a mutual dependability.
Therefore, this result verified the credibility in measuring sugar
content by any of three refractometer tools used in this study
[23].

Table 3: Correlation between measured values by three
different type of refractometers (A: PAL-S refractometer, B:
PEN-1% refractometer, C: PEN-J refractometer)

A B c
A | Pearsoncomeletion coefficiert 1 W | e
protebilly 0 | 0w
N % % %
B | Pearsoncomelaion coefficent . | 1 96+
protebilly 00 00
N % % 4
C | Pearsoncomeletion cefficiert o | g~ |1
protebilly 0 | 0w
N % % 4

Table 4: Expected value of sugar content by considering the
concentration of carbohydrate, sugar, and TDS labeled in total
samples (A: expected value of sugar content from carbohydrate,
B: expected value of sugar content from sugars, C: expected
value of sugar content from total dissolved solids)

Cartoh .
mLydrateASJgalsBPmnFamC

Coffeel | 200 | 25 | 125 | 23 | 115 | 3.0 | 0.6 | 143

Coffee2 | 200 | 20 | 100 | 20 | 100 | 3.8 | 24 | 13.2

Coffee3| 240 | 23 | 96 | 21 | 88 | 35 | 40 | 128

Coffeed | 240 | 23 | 96 | 21 | 88 | 35 | 40 | 128

Coffee5| 240 | 24 |100| 20 | 83 | 20 | 19 | 117

Coffee6 | 270 | 25 | 93 | 24 | 89 | 3.0 | 3.6 | 118

Coffee7 | 200 | 18 | 9.0 | 18 | 9.0 | 25 | 2.7 | 117

Coffee8 | 275 | 25 | 91 | 24 | 87 | 3.0 | 1.5 | 108

Coffee9 | 270 | 24 | 89 | 21 | 78 | 19 | 15 |10.2

Coffeel0) 200 | 17 | 85 | 17 | 85 | 20 | 1.1 | 10.2

Coffeell 275 | 24 | 87 | 24 | 87 | 20 | 1.1 | 10.0

Coffeel2| 240 | 21 | 88 | 18 | 75 | 1.0 | 0.7 | 95

Coffeel3| 200 | 15 | 75 | 15 | 75 | 10 | 1.6 | 8.9

Coffeeld4) 275 | 18 | 65 | 19 | 69 | 22 | 3.1 | 85

Coffeel5 200 | 13 | 65 | 13 | 65 | 16 | 22 | 85

Coffeel6| 200 | 9 4.5 9 45 | 10 | 0.0 | 51

Coffeel?7| 150 7 4.7 7 47 | 00 | 0.0 | 47

Coffeel8| 200 | 9 45 8 40 | 0.0 | 0.0 | 45

15366



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 21 (2018) pp. 15365-15372
© Research India Publications. http://www.ripublication.com

Table 5: Measured Values of 46 Samples

mL A |Suwars| B |Proein| Fat C
ydrete PAL-S PEN-1st PEN-J
Coffeeld| 275 | 12 | 44 | 11 | 40 | 0.0 | 0.0 | 4.4 Coffeel 13.90 14.62 14.20
Coffee2 14.68 15.20 14.56
Coffee20l 200 | 2 | 10 | 0 | 00 | 00 | 00 | 1.1 Coffee3 12.50 12.64 12.36
Coffee21 275 | 2 | 07 | 0 | 00| 00| 00 | 08 Coffeed 12.78 12.92 12.40
' ' ' ' ' Coffee5 11.90 11.60 11.20
Coffee22/ 275 | 2 | 07 | 0 | 00| 1.0 | 00 | 1.2 Coffee6 12.20 12.74 12.48
Coffee7 12.50 12.60 11.96
Coffee23/ 200 | 1 | 05 0 | 00 | 00 | 0.0 | 05 Coffees 10.20 10.32 10.44
Coffee24 270 | 1 | 04 | 0 | 00 | 1.0 | 0.0 | 08 Coffeed 10.80 10.58 10.30
Coffeel0 10.52 9.76 9.38
Coffee25| 281 | 32 | 114 | 30 |10.7| 50 | 3.2 | 144 Coffeell 10.50 10.90 10.58
Coffee26| 281 | 32 | 114 | 31 | 110 | 40 | 34 | 141 Coffeel2 9.82 8.96 8.58
Coffeel3 9.80 8.86 8.60
Coffee27| 250 | 23 | 9.2 | 23 | 92 | 40 | 31 | 121 Coffeel4 10.00 10.20 10.56
Coffeel5 10.46 0.88 9.50
Coffee28| 250 | 24 | 96 | 23 | 92 | 40 | 23 | 122 Coffeslt 268 2.40 3.80
Coffee29 200 | 16 | 80 | 16 | 80 | 40 | 50 | 126 Coffeel7 5.60 5.00 4.60
Coffeel8 5.30 5.10 490
Coffee30/ 200 | 18 9.0 18 9.0 | 3.0 | 46 | 129 Coffeel9 5.18 5.00 4.90
Coffee31) 200 | 23 |115| 19 | 95 | 31 | 40 | 151 Coffee20 0.68 0.80 0.36
Coffee21 0.68 1.10 1.00
Coffee32| 200 | 17 | 85 | 17 | 85 | 3.0 | 38 | 120 Coffee22 0.50 0.90 0.80
Coffee23 0.90 0.80 0.40
Coffee33| 200 | 21 | 105 19 | 95 | 40 | 6.0 | 156 Coffesza 126 110 0.98
Coffee34 200 | 16 | 80 | 16 | 80 | 3.9 | 33 | 117 Coffee25 15.06 16.08 16.00
Coffee26 15.12 16.36 16.00
Coffee35| 200 16 8.0 16 8.0 | 3.9 3.2 | 116 Coffee27 12.30 12.78 12.48
Coffee36/ 200 | 16 | 80 | 16 | 80 | 39 | 3.2 | 116 Coffee28 12.40 12.88 12.72
Coffee29 12.68 13.20 13.12
Coffee37| 200 | 19 | 95 | 17 | 85 | 3.0 | 40 | 131 Coffee30 13.24 14.50 13.76
Coffee3l 14.26 15.10 14.90
Coffee38 200 | 18 | 9.0 | 16 | 80 | 40 | 41 | 131 Coffes3? 1338 1334 1298
Coffee39 200 | 20 | 100 | 18 | 9.0 | 40 | 46 | 144 Coffee33 14.64 19.46 17.00
Coffee34 13.00 13.76 13.44
Coffee40| 200 18 9.0 17 85 | 4.0 5.0 | 13.6 Coffee35s 12.92 13.80 13.10
Coffee41) 200 | 28 | 140 | 20 | 100| 7.0 | 6.0 | 20.6 Coffee36 12.88 13.54 13.20
Coffee37 12.84 13.66 13.48
Coffee42 200 | 20 | 100 | 18 | 9.0 | 3.0 | 42 | 137 Coffee38 12.78 12.90 12.62
Coffeeasl 200 | 19 | 95 | 18 | 90 | 30 | 31 | 126 Coffee39 13.06 13.86 13.24
oree ' el ' Coffee40 12.90 13.80 13.54
Coffeed4| 240 | 24 | 100 | 22 | 92 | 35 | 4.0 | 132 Coffeedl 18.76 22.56 20.20
Coffeed? 13.00 13.18 12.70
Coffeed6| 240 | 23 | 96 | 21 | 88 | 35 | 40 | 128 Coffee44 12.50 13.84 13.30
Coffeed5 11.90 12.44 12.14
Coffee46 11.90 12.42 12.16
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B. Making calibration curve

The purpose of this study was to draw the calibration curve for
refractometer equipment to predict the sugar content of coffee
drink which did not clearly suggest in beverages. Most of the
commercial drink available in market was suggested sugar
content abiding by the guideline of government, but some
commercial drinks that is on sale in coffee shop or handmade
products do not suggest sugar content [23].

<Table 4> showed the main ingredient of sample A and <Table
5> showed the measured values of total samples. Types of
coffee are classified into black, café latte, café mocha, café au
lait, caramel macchiato, americano, espresso, etc.

PAL-S refractometer

As shown in [Figure 1], when we set the X-axis as the expected
value of sugar content obtained by recalculating the sugars, the
measured value went against with the expected value in the
range of low concentration of sugars (>19/100mL). At this
point, Y-intercept was 0.49673 which did not pass the zero
point and the slope was as high as 1.37218. Therefore, setting
the X-axis with the sugar content did not accurately reflect the
measured values.
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Figure 1. Correlation graph between measured values

obtained by using PAL-S refractometer and expected values
converted by total sugars content.

Table 6: Linearity of measured value obtained in figure 1

Value Error
A 0.49673 0.47953
B 1.37218 0.0599
R SD N P
0.96054 1.22554 46 <0.0001

Next, we investigated the relationship between the measured
values and the expected values obtained by converting the total
carbohydrate labeled on product. As shown in [Figure 2], the
slope showed slight decrease to 1.30315 and the Y-intercept
(0.23525) was close to zero point. However, in this case, when
sample has higher total of carbohydrate (>4g/100mL), the
tendency of less conformity between expected value and

measured value was clearer. This result also indicated that
setting the total carbohydrate as X-axis did not accurately
reflect the measured value.
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Figure 2. Correlation graph between measured value obtained
by using PAL-S refractometer and expected values converted
by total carbohydrates content.

Table 7: Linearity of measured value obtained in figure 2

Value Error
A 0.23525 0.47223
B 1.30315 0.05479
R SD N p
0.96324 1.18367 46 <0.0001

Next, the X-axis was set as the converted expected value of
total carbohydrate, protein, fat and others. As shown in [Figure
3], the expected values and measured values showed a
conformity (Y=BX+A, B=0.94954 and A=0.70162). Even in
high concentration, it did not deviate from the linear relation
and it showed a conformity. This result verified that sugar
content measured in PAL-S refractometer showed the total
solid concentration dissolved in drink.
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Figure 3. Correlation graph between measured value obtained
by using PAL-S refractometer and expected values converted
by total dissolved solids content.
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Table 8: Linearity of measured value obtained in figure 3

Value Error
A 0.70162 0.30792
B 0.94954 0.02699
R SD N P
0.98268 0.81644 46 <0.0001

PEN-1st refractometer

As shown in [Figure 4], when we set the X-axis as the expected
values obtained by recalculating only the sugar content, the
measured value obtained went against with the expected value
in the range of high concentration of sugars. In particular, this
difference appeared in more than 1g/100 mL of sugar content
in coffee drinks. At this point, the Y-intercept was 0.11697
which passed the zero point and the slope was as high as
1.48449. Therefore, setting the X-axis with the sugar content
did not accurately reflect the measured value.
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Figure 4. Correlation graph between measured value by using

PEN-1% refractometer and expected values converted by total
sugars content.

Table 9: Linearity of measured value obtained in figure 4

Value Error
A 0.11697 0.75139
B 1.48449 0.09386
R SD N P
0.92218 1.92034 46 <0.0001

As shown in [Figure 5], when we set X-axis as expected value
of sugar by converting the carbohydrate content labeled on the
drinks, the showed slight decrease to 1.43596 and the Y-
intercept was close to zero point which was -0.37535. In the
range of low concentration, it showed a high degree of match
between the expected values and measured values. But, like as
the previous case, in the range of high concentration of sugar in
sample was less correlated. If sample is higher total of
carbohydrate, the tendency of less conformity between

expected values and measured values was clearer. This result
indicated that setting the total carbohydrate as X-axis did not
accurately reflect the measured value.
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Figure 5. Correlation graph between measured value obtained

by using PEN-1% refractometer and expected values converted
by total carbohydrates content.

Table 10: Linearity of measured value obtained in figure 5

Value Error
A -0.37535 0.66522
B 1.43596 0.07718
R SD N P
0.94192 1.66741 46 <0.0001

Next, the X-axis was set as the converted expected value of
total carbohydrate, protein, fat and other solid to examine the
correlation with measured value. As shown in [Figure 6], when
we set the X-axis as total solid content, the expected value and
measured value showed a good conformity. (Y=BXx+A,
B=1.06926 and A=-0.10242). Even in high concentration of
sugar, it did not deviate from the linear relation but showed the
conformity. This result verified that sugar content measured in
PAL-1% refractometer showed the concentration of total
dissolved solid in drink. Also, calibration curve to
concentration also passed the zero point, so it was verified that
PEN-1% refractometer was appropriate for measuring the sugar
content in lower concentration.
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Figure 6. Correlation graph between measured value obtained
by using PEN-1* refractometer and expected values converted
by total dissolved solids content.
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Table 11: Linearity of measured value obtained in figure 6

Value Error
A -0.10242 0.35357
B 1.06926 0.03099
R SD N P
0.98201 0.93747 46 <0.0001

PEN-J refractometer

As shown in [Figure 7], when we set the X-axis as the value of
sugar content, the measured value obtained by sample in high-
sugar content concentration went against with the expected
value. At this point, the Y-intercept was -0.02262 which passed
the zero point and the slope was as high as 1.44796. Therefore,
setting the X-axis only with the sugar content did not accurately
reflect the measured value.
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Figure 7. Correlation graph between measured value obtained
by using PEN-J and expected values converted by total sugars
content.

Table 12: Linearity of measured value obtained in figure 7

Value Error
A -0.02262 0.63971
B 1.44796 0.07991
R SD N P
0.93905 1.63492 46 <0.0001

Next, the relation between the expected value converting the
total carbohydrate labeled on product and measured value was
examined. As shown in [Figure 8], when we set X-axis as
carbohydrates content, the slope showed slight reverse decrease
to 1.38638 and Y-intercept was close to zero point which was -
0.38874. However, the tendency of less conformity between
expected value and measured value was clearer in the range of
high concentration. This result indicated that setting the total

carbohydrate as X-axis did not accurately reflect the measured
value.
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Figure 8. Correlation graph between measured value obtained

by using PEN-J refractometer and expected values converted
by total carbohydrates content.

Table 13: Linearity of measured value obtained in figure 8

Value Error
A -0.38874 0.59586
B 1.38638 0.06913
R SD N P
0.94941 1.49356 46 <0.0001

Next, the X-axis was set as the converted expected value of
total carbohydrate, protein, fat and other solid to examine the
correlation with measured value. As shown in [Figure 9], when
we set total solid as the standard, the expected value and
measured value showed a good conformity. (Y=BX+A,
B=1.02571 and A=-0.05561). Even in high concentration of
sugar, it did not deviate from the linear relation but showed the
conformity. This result verified that sugar content measured in
PEN-J showed total dissolved solid (TSD) in drink. Also, the
calibration curve also passed the zero point, it was verified that
PEN-J refractometer was appropriate for measuring the sugar
content in lower concentration.
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Figure 9. Correlation graph between measured value obtained
by using PEN-J refractometer and expected values converted
by total dissolved solids content.
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Table 14: Linearity of measured value obtained in figure 9

obtained from this study. However, there is a need for much
detailed analysis to get the exact calibration curves in future.

ACKNOWLEDGEMENT

Value Error
A -0.05561 0.32491
B 1.02571 0.02848
R SD N P
0.98346 0.86149 46 <0.0001

C. Calculation of sugar content with unknown sample

From these results, we could be made the calibration curve for
each measurement apparatuses. As for the unknown
concentration of coffee bought in the market and coffee shop,
the calibration obtained by this study was utilized to obtain the
value of sugar content.

We firstly detected the sugar content (1) with sample X by three
refractometers. With the same experiment method, the result
obtained by three measurement equipment was as <Table 15>.
The concentration of sugar (Il) in sample X was attained by
adapting the calibration(Y=BX+A) of each measurement
equipment based on the result. And obtained value (1) was
converted into the standard amount (100mL) and identified it.

Table 15: Sugar content for unknown concentration of
samples (value of 1) means an experimental value, (value of
I1) means a recalculated value by using the calibration curve,
(value of I11) means the confirmed the value by recalculated

the volume

PAL-S PEN-1¢ PEN-J

mL| | I | I | Il
175/ 9.86 | 9.65 | 5.51 | 9.04 | 8.55 | 4.89 | 8.72 | 8.56 |4.89
200/10.30{10.11| 5.05 | 9.70 | 9.17 | 4.58 | 9.32 | 9.14 |5.22
200] 9.98 | 9.77 | 4.89 | 9.18 | 8.68 | 4.34 | 8.90 | 8.73 [4.99
240/10.92|10.76| 4.48 110.60|10.01| 4.17 |10.00| 9.80 |5.60
200/10.66(/10.49| 5.24 110.10| 9.54 | 4.77 | 9.80 | 9.61 |5.49
100/11.66{11.54]11.54/11.50|10.85|10.85/10.98 10.766.15
100]11.88{11.77|11.77|11.50|10.85|10.85/11.20|10.97|6.27
240] 9.68 | 9.46 | 3.94 | 8.70 | 8.23 | 3.43 | 8.40 | 8.24 |[4.71
175/10.38{10.19| 5.10 |10.32| 9.75 | 4.87 |10.16| 9.96 |5.69
200/ 5.30 | 4.84 | 2.02 | 5.10 | 4.87 | 2.03 | 4.90 | 4.83 |2.76
300/10.08| 9.88 | 3.29 |10.08| 9.52 | 3.17 |10.30/10.10/3.37
170/ 9.80 | 9.58 | 5.64 | 9.50 | 8.98 | 5.28 | 9.50 | 9.32 |5.48

Sample
Coffeel
Coffee2
Coffee3
Coffeed
Coffeeb
Coffee6
Coffee7
Coffee8
Coffee9
Coffeel0
Coffeell
Coffeel2

CONCLUSIONS

In this study, we performed the measurement of investigated
the sugar content in Korean coffee drinks by using three
different kinds of refractometer including pen-typed.

From this result, we found that the portable refractometers were
usable to detect the content of sugar in Korean coffee drinks.
And we confirmed that the measured values obtained by three
different kinds of refractometers showed not only sugar content
and carbohydrate but also the total dissolved solids contained
in drink.

And, we could be predicted the concentration of sugar(TDS) in
unlabeled coffee drinks by using the calibration curves
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Education (2017) and National Research Foundation of Korea

Grant funded by the Korean Government (NRF-
2016R1D1A1B02008712).
Reference

[1]. Bart Minten, Mekdim Dereje, Ermias Engida, Seneshaw
Tamru (2018). Tracking the Quality Premium of Certified
Coffee: Evidence from Ethiopia. World Development,
101, 119-132.
Wenjiang Dong,Rongsuo  Hu,Zhong Chu,Jianping
Zhao,Lehe Tan (2017). Effect of different drying
techniques on bioactive components, fatty acid
composition, and volatile profile of robusta coffee beans.
Food Chemistry, 234(1), 121-130.
Derrick Johnston Alperet, Salome Antonette Rebello, Eric
Yin-Hao Khoo, Zoey Tay,Rob, M. van Dam (2016). A
randomized placebo-controlled trial of the effect of coffee
consumption on insulin sensitivity: Design and baseline
characteristics of the Coffee for METabolic Health
(COMETH) study. Contemporary Clinical Trials
Communications, 4, 105-117.
Charlotte E. Mills, Andreas Flury, Cynthia Marmet, Laura
Poquet, Jeremy P.E. Spenc (2017). Mediation of coffee-
induced improvements in human vascular function by
chlorogenic acids and its metabolites: Two randomized,
controlled, crossover intervention trials. Clinical
Nutrition, 36(6), 1520-1529.
Jae-Hoon Bae, Jae-Hyung Park, Seung-Soon Im, Dae-
Kyu Song (2014). Coffee and health, Integrative
Medicine Research, 3(4), 189-191.
Kyu Yong Park, Hyun Jung Kim, Hyeong Sik Ahn, Sun
Hee Kim, Jae-Bum Jun (2016). Seminars in Arthritis and
Rheumatism, 45(5), 580-586.
Eun-Jeong Kim, Hye-Ju Lee, Eun-Jung Lee, Kwang-Hak
Bae, Bo-Hyoung Jin, Dai-1l Paik (2012). Effects of pH
and titratable acidity on the erosive potential of acidic
drinks. Journal of Korean Academy of Oral Health, 36(1),
13-19.
Min-A Kim, Seong-Soog Jeong, Hye-Jeong Youn,
Young-Nam Park, Choong-Ho Choi, Suk-Jin Hong
(2014). The erosive effect of some commercial yogurts
including different calcium contents on enamel surface.
Journal of Korean Academy of Oral Health, 35(3), 266-
272.
Mi-Kyoung Kim, Jae-Hoon Jeon, Hyun-Joo Park, Chan-
Ho Bae, Jin-Sung Park, Soo-Kyung Bae, and Moon-
Kyoung Bae (2014). Effect of Energy Drinks on the
Dental Enamel Erosion and Mouse Teeth Growth. The
Korean Society for Biotechnology and Bioengineering,
29(2), 112-117.
[10]. Han-Na Oh and Hye-Jin Lee (2015). The Effect of Energy
Drink on Enamel Erosion. J Dent Hyg Sci, 15(4), 419-423.

2.

[3].

[4].

[5].

[6].

[71.

[8].

[9].

15371



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 21 (2018) pp. 15365-15372
© Research India Publications. http://www.ripublication.com

[11]. Hye-Jin Baek, Kyung-Hee Kang and Ji-Hwa Kim (2009).
An experimental study on the effect of children's range
beverage on bovine enamel. Korean Factory Tech
Institute, 10(9), 2523-2529.

[12]. Do-Seon Lim, Yu-Hee Ban, Young-Eyn Min, Jin-Joo
Park, Ye-Jin Yu, So-Ra In, Hyun-Ji Ju, Sun-Young Jung,
and Young Sun Hwang (2015). The Effect of Carbonated
Water on Bovine Enamel Erosion and Plaque Adhesion.
J. Dent. Hyg. Sci, 15(4), 437-444.

[13]. S.J. Cho, K.H. Lee (1990). Comparative study of
cariogenic potential of barley beverage and that of Colas.
Journal WonKwang Dental Research Institute, 1(1), 37-
52.

[14]. G. Song, K. H. Lee, D.E.Kim, Y.S. Yang (2005). Effect
of citric acid and calcium on dental erosion. J. Korean
Acad Pediatr Dent, 32(3), 454-460.

[15]. Choong Ho Choi, Hye Jeong Youn, Seong Soog Jeong, Ji
Young Kim, Myung Ok Ha, Suk Jin Hong (2007). A study
of dental caries activity on some commercial drinks.
Journal of Korean Academy of Oral Health, 31(1), 11-19.

[16]. Gunja N, Brwon J. A. (2012). Energy drinks: health risks
and toxicity. Med. J. Aust., 196(1), 46-49.

[17]. Chung C. E. (2007). Dietary intakes and food sources of
total sugars from Korean national health and nutrition
examination survey 2001-2002. Korean J. Nutrition, 40,
9-21.

[18]. Kim Y. H, Lee J. Y. Jeong M. K. (2011). The erosion of
the tooth enamel and the cementum by carbonate
beverage. Int. J. Clin Prev. Dent, 7(1), 1-13.

[19]. Cavlacanti A. L., Costa Oliveira M, Florentino V. G., dos
Santos J. A., Vieira F. F., Cacalcanti C.L. (2010). Short
communication; in vitro assessment of erosive potential
of energy drinks. Eur Arch Paediatr Dent, 11(5), 254-257.

[20]. Lee H. J., Hong S. J., Choi C.H. (2013). Erosive effect of
hangover-curing beverage on enamel surface. J. Korean
Acad Pediatr Den, 47(3), 119-125.

[21]. Kim B. R., Min J. H., Kwon H. K., Kim M. I. (2013).
Analysis of the erosive effects of children’s beverage
using a pH-cycling model. J Korean Acad Dent Health,
37(3), 141-146.

[22]. ATAGO: http://www.atago.net/index.html

[23]. Y.T. Kong (2017). Measurement of Sugar Concentration
in Korean Commercial Coffee Drinks Using Portable
Saccharimeters. International Journal of Applied
Engineering Research, 12(24), 14299-14306.

[24]. Y.T. Kong (2017). Analysis of PM 2.5 and PM 10 using
particle analyzer for development the STEAM program.
International Journal of Applied Engineering Research,
12(24),15564-15572.

15372


http://www.atago.net/index.html

